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(Received for publication,  October 29,  1923.)
It  has  been  stated  by  Champyl  that  epithelium  from  embryos,
when  cultivated in vitro, .dedifferentiates  within a few hours, whereas
adult  tissue  persists  for  a  long  time  in  cultures  without  changing.
He also stated that the dedifferentiation  of epithelial  cells is delayed,
or  does  not  take  place  at  all,  when  fibroblasts  or  connective  tissue
cells are present.  The same statement has been made quite recently
by  Drew.2 He  described  a  pure  culture  of  epithelium  which  com-
menced  suddenly  to  differentiate  when  connective  tissue  cells  were
added.  By  differentiation  is meant  here  formation  of  rudimentary
tubules.  These are formed  by normal epithelium and by that which
is  cancerous  as  well.  Drew2 describes,  however,  the  growth  of  epi-
thelium as occurring in "sheets of undifferentiated  tissue."  Champy
means  by  dedifferentiation  of  the  epithelial  cells,  a  transformation
into indifferent  embryonic  tissue, not unlike fibroblasts.  It  is  there-
fore not quite correct of Drew to call the epithelium  growing in sheets
of undifferentiated  tissue.  The question of dedifferentiation,  accord-
ing to Champy, can now be considered  as settled,  since  Fischer3 and
Ebeling  and Fischer4 have proved that epithelium  cultivated  in vitro
'Champy,  Bibliog. Anat., 1913,  xxxiii,  184.
2 Drew, A.  H., Three lectures on the cultivation of tissues and tumors in vitro,
Lancet, 1923, i, 785, 833;  A  comparative  study  of normal  and malignant  tissues
grown in artificial  culture, Brit. J. Exp. Path., 1922,  iii, 20.
3 Fischer,  A.,  A  three  months  old  strain of  epithelium,  J.  Exp.  Med.,  1922,
xxxv, 367.
4 Ebeling, A. H., and Fischer, A.,  Mixed cultures of pure strains of  fibroblasts
and epithelial  cells, J.  Exp. Med.,  1922,  xxxvi,  285.
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does not dedifferentiate,  but can  be  cultivated indefinitely  and  that
it  continues  to  behave  morphologically  and  biochemically  as  epi-
thelium.  Drew2 describes  also  in  his  paper  a  keratinization  of
epithelium in cultures  which  sets in when  connective  tissue  cells  are
added and  attributes it to  a specific  action of  the  connective  tissue
cells.  The purpose  of  the  experiments  reported  in  this paper is  to
show  that both  the phenomena  described  by Drew  are  related  and
that  as a  rule  they take  place  in  the absence  of  fibroblasts  or  con-
nective tissue  cells.
In the paper by Ebeling  and Fischer4 can be found an illustration
(Fig. 6)  of epithelium in the 13th passage of a pure culture, growing in
"finger-shaped"  processes,  similar  to  those  in  an  illustration  in  the
paper  by Drew.  There had never  been  the slightest  contamination
of my own culture with fibroblasts during the cultivation,  yet, never-
theless, the  epithelium  differentiated in the sense of  Drew,  that is to
say  to primitive  tubules.  Fig.  1 of  the present paper  shows  a pure
culture  of  epithelium  at the  18th passage,  and  one  can see  that the
new  growth consists  only of  fine tubules in spite  of the fact that the
cells  had  not  been in  contact  with  connective  tissue  cells  for  about
6 weeks.
The  same  can  be  said of  the keratinization.  Fig. 2 demonstrates
that.  The  figure  represents  a  section  through  a  pure  culture  of
epithelium  in its 22nd  passage.  The  entire  central  portion  shows  a
beautiful  keratinization.  The  culture  was  stained  by Van  Gieson's
method and nowhere could any pink elements be detected in the tissue.
Had there been any connective  tissue present, it would certainly have
attracted attention, as has been shown  (Ebeling and Fischer).4
The  organization of  epithelial  cells cultivated  in vitro, occurs when
the growth,  for one  or another reason,  suffers  and becomes  irregular.
It  may  result when  the tissue  is  not properly  placed  in the  culture
medium-or  more usually-when  the  central  portion  of  the  tissue
becomes  thick  and more  or less  necrotic  because  of  the poor supply
of  oxygen  and  of  nourishment.  According  to  my  experience,  the
keratinization  of  epithelial  cultures  is  always  the  result  of  lack  of
oxygen  and  nourishment.  It  cannot,  of  course,  be  denied  that the
presence  of  connective  tissue  cells,  as  described  by  Drew,  can  be
responsible  for  the  same  result,  but  the fact  should  be  emphasized
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that  both  phenomena  will  occur  in  the  absence  of  fibroblasts,  and
that  the  organizing  or,  according  to  Drew,  the  "differentiating"
influence  of connective  tissue  cells  is in no sense  specific.  This does
not detract from the interest of the observation that connective tissue
cells  cultivated  side  by  side  with  epithelium  bring  about  a  quick
organization  and  keratinization  of the  cells.
SUMMARY.
The  organization,  or,  according  to  Drew,  differentiation,  of  epi-
thelial  cells  grown  in vitro is  not  due  to  a  specific  influence  of  the
associated  connective  tissue.  It  occurs  in  all  old  pure  cultures  of
epithelium, when  the tissue fragment becomes  thick  and suffers  from
lack  of  oxygen  and  nourishment.  Under  the  same  circumstances,
keratinization  occurs in cultures of epithelium.
EXPLANATION  OF  PLATE  29.
FIG.  1. Experiment  1309.  18th  passage  of  a pure  culture  of epithelium  48
hours old,  from the iris  of the chicken  embryos.  The new  growth is  formed as
rudimentary tubules.
FIG.  2.  Experiment  1476.  22nd  passage  of  a  48  hour old  pure  culture  of
epithelium from  the iris of the  chicken  embryos.  The photograph  is taken  of a
section through the culture and the keratinization can be seen.
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FIG.  1.
FIG.  2.
(Albert Fischer:  Keratinization  of epithelium  in vitro.)
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